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Analyses of Coal Samples Collected in Virginia 1978-1980

James A. Henderson, Jr. , Gerald P. Wilkes ,
2 2 Linda J. Bragg and Charles L. Oman

'Abstract

Since 1975 the Virginia Division of Mineral Resources has been 

collecting coal samples from fresh coal exposures in Virginia. Results 

from the analyses of 83 samples are included in this report. The 

analyses of these samples are performed in cooperation with the U. S. 

Geological Survey and the results are entered into the National Coal 

Resources Data System (NCRDS). Channel samples were collected at all 

but one of the sampling sites. In addition, supplemental samples of the 

roof- and floor-rock and major partings were collected at many sample 

sites,, but were not analyzed. The samples are from many of the major 

coal beds in southwest Virginia, and are from fresh exposures in active 

surface and underground mines.

Chemical analyses were made by the U. S. Geological Survey, the U. 

S. Department of Energy, and Geochemical Testing, Inc. and include 

proximate and ultimate analyses, forms of sulfur, calorific values, 

fusibility of ash, free-swelling index, and major-, minor-, and 

trace-element concentrations. A statistical summary is included for the 

samples described in this report and a comparison is made with samples 

of Henderson, Oman, and Coleman (1981).

1 Virginia Division of Mineral Resources, Charlottesville, Virginia

2 U. S. Geological Survey, Reston, Virginia
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INTRODUCTION

Coal has been mined in Virginia since colonial times. Initial 

production in the State was in the Richmond basin (fig. 1) and 

production of Triassic-age coal was reported there into the early part 

of the 20th century. Coal of Mississippian age was mined in the Valley 

coal fields (fig. 1) beginning in the middle 1800's and continued until 

1971. Coal mining in the Pennsylvanian-age coals of the southwest 

Virginia coal field began in the 1890's. The southwest Virginia coal 

field (fig. 1) covers part or all of Buchanan, Oickenson, Lee, Russell, 

Scott, Tazewell, and Wise counties.

Proximate and ultimate analyses, heat values, and forms of sulfur 

for some Virginia coals are available in reports published by the U. S. 

Bureau of Mines (U.S. Bureau of Mines, 1926; Eby and Campbell, 1944; and 

others). Preparation characteristics for Virginia coals have also been 

published by the U.S. Bureau of Mines (Gray and Boley, 1958a, 1958b; 

Deurbrouck, 1963a, 1963b; and others). Several reports are available on 

the chemical composition of coal ash (Abernathy, Peterson, and Gibson, 

1969a, 1969b). Proximate and ultimate analyses, forms of sulfur, 

calorific values, major, minor, and trace element concentrations are 

presented in U. S. Geological Survey open-file reports (Swanson and 

others, 1976; Zubovic and others, 1979, 1980; Simon and Englund, 1983a, 

1983b) and Henderson, Oman, and Coleman (1981).

Since 1975 the Division of Mineral Resources has been collecting 

coal samples for analyses in cooperation with the U. S. Geological 

Survey. This report contains the analytical results for 83 coal samples 

collected by the authors and other Division of Mineral Resources 

personnel in 1978, 1979 and 1980. A generalized stratigraphic section
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is showi in figure 2. These samples are from many of the major coal 

beds in the southwest Virginia coal field that were being mined during 

the tims of the study. Data presented in this report and those by 

Swanson and others (1976), Zubovic and others (1979 and 1980) and 

Henderson, Oman and Coleman (1981) are the latest and most detailed 

available for Virginia coals.
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SAMPLED AREA

The southwest Virginia coal field is in the Appalachian Plateaus 

physiographic province. Most of the coal occurs in the rocks of the 

Cumberland thrust sheet. The coal and associated rocks in the southwest 

Virginia coal field are generally flat-lying to gently dipping except 

along the southeastern boundary of the Appalachian Plateaus province 

(which is an area of imbricated thrust sheets) and the northwestern edge 

of the Cumberland thrust sheet (which is bounded by the Pine Mountain 

fault). Other major structural features include the Russell Fork fault
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(a northwest-trendin:] strike-slip fault), the Powell Valley anticline, 

and the Middlesboro syncline (Miller 1974, figure 11). Geologic maps and 

reports on the coal-bearing counties in southwest Virginia are listed in 

the bibliography. The coal beds occur in sequences composed of 

sandstone and shale and, rarely, in thin clastic and calcareous beds 

that are of marine origin.

Samples were collected from three of the seven counties in the 

southwest field (tab'e 1; fig. 3-5). Numbers of the samples from the 

counties are: Buchanan (2); Dickenscn (44); and Wise (37). Forty-eight 

of the samples are f:"om the Wise Formation and 35 are from the Norton 

Formation. The oldest coal sampled for this report is the Tiller coal 

bed from the Norton Formation in Dickenson County. The youngest coal 

sampled is the Morris coal bed from the Wise Formation in Wise County.

SAMPLING PROCEDURES

All but one of the samples presented in this report are face-channel 

samples and were collected using procedures similar to those described 

by Schopf (1960) and Swanson and Huffman (1976). One run of mine sample 

was taken from an underground mine in the Lower Banner coal bed in 

Dickenson County. These sampling procedures are also similar to 

techniques used by Glass (1975) and Boreck and others (1977). Sampling 

sites were selected to give wide geographic and stratigraphic 

distribution. Coal freshness, geographic proximity to other samples, 

and the safety of the sampling area were used in deciding whether to 

accept or reject a sampling site. Each channel sample represents the 

entire thickness of coal and interbedded material being mined at each 

locality. Partings (shale laminae) that are mined with the coal were 

included in the sample. In places where partings were excluded from
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mining, a separate supplemental sample of the partings was taken; these 

samples were not analyzed, but are stored at the Division of Mineral 

Resources. Where the coal was being mined in benches, separate samples 

were taken from each coal interval. At sites where the coal thickness 

was greater than about 6 feet (2m), two samples were taken. In such 

cases, samples were collected on either side of major partings or 

textural breaks in the coal.

A complete description of the coal and associated roof- and 

floor-rocks was made at each sampling site. Coal descriptions based on 

field observations included thickness of the coal, thicknesses of 

subunits, accessory minerals, amount and type of observable macerals and 

primary and secondary structures. Sampling site descriptions included 

site location, altitude of the coal bed, lithologies of rocks above and 

below the coal bed, and strike and dip of the coal-bearing units. In 

many cases, supplemental samples were taken of the roof- and floor-rock.

Samples were taken using chisels and a hammer. Width and depth of 

the sample channels were adjusted to the thickness of the coal, but were 

sufficient to give a sample weight of approximately 20-25 Ibs. (9-11 

kg.). Samples were collected on a canvas tarpaulin covered by 

polyethylene sheeting. The freshly cut sample was then crushed by 

hammers into pieces generally less than 3/4 inch {2 cm) in size, 

thoroughly mixed, and divided into quarters. One quarter was placed in 

a U. S. Department of Energy coal can to be sent to the U. S. Geological 

Survey for forwarding to the U. S. Department of Energy or Geochemical 

Testing laboratory; the other three quarters were bagged and sealed 

separately in double plastic bags. One of the quarters was retained by



the Division as a contingency sample; the other two were sent to the U. 

S. Geological Survey for analyses.

CHEMICAL AND PHYSICAL TE.STS

Analytical procedures used by the U. S. Department of Energy and 

Geochemical Testing, Inc. are described in U. S. Bureau of Mines 

Bulletin 638 (1967) and ASTM (1982). Determinations (fig. 6) included 

proximate and ultimate analyses forms of sulfur, ash fusibility 

temperatures, calorific values, and free swelling indexes.

The U. S. Geological Survey analyzed each sample for major, minor 

and trace elements. Procedures for these analyses as performed by the 

U. S. Geological Survey laboratory in Denver are described by Swanson 

and Huffman (1975). Analytical methods used at the U. S. Geological 

Survey in Reston are similar to those used in Denver and are outlined in 

figure 5.

RESULTS

Analytical results from the U. S. Department of Energy and 

Geochemical -Testing, Inc. are shown in table 2; results from analyses 

performed by the U. S. Geological Survey are shewn in tables 3, 4 and 5; 

statistical summaries for the 83 samples from Virginia are shown in 

table 6, and are compared to analyses reported by Henderson, Oman, and 

Coleman (1981).

Table 7a compares 217 Virginia samples with 548 Appalachian 

bituminous coals reported by Zubovic and others (1980). The table shows 

the differences between the two sets of data to be very small. The 

ultimate and proximate data are nearly identical. The Btu values are 

slightly higher for the Virginia data, and the forms of sulfur are lower 

especially the pyritic sulfur. The ash deformation and softening
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temperatures are higher for the Virginia coals but the fluid temperature 

is about the same as the Appalachian coals. The free-swelling index is 

much higher for Virginia coals, 7.4 compared to the Appalachian value of 

4.5.

Table 7b is a comparison of the major and minor oxides and ash 

content of the 217 Virginia coals with 644 Appalachian coals reported by 

Zubovic and others (1980). The concentrations of the oxides and ash are 

similar with the exception of P205 which is 5 times higher in the 

Virginia samples.

Table 7c is a comparison of the trace element content of the 217 

Virginia samples with 644 Appalachian samples reported by Zubovic and 

others (1980). The antimony content in the Virginia samples is four 

times higher than in the Appalachian samples. All of the other trace 

elements are very similar in their concentration.
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Table la. Sample and location information for samples 
collected in 1978, 1979, and 1980.

Sample 
Number

Coal Field 
Tj'pe of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample thickness

Buchanan County 

R-7383

R-7494

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Dickenson County 

R-7348

R-7351

R-7356

R-7357

R-7358

R-7359

R-7380

R-7381

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Norton 
Pennsylvanian

Wise 
Pennsylvanian

Norton 
Pennsylvanian

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Southwest Virginia Norton 
Surface Mine Pennsylvanian

Southwest Virginia Norton 
Surface Mine Pennsylvanian

Southwest Virginia Norton 
Surface Mine Pennsylvanian

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Wise
Pennsylvanian

12

Banner (lower split) 
4.1 ft. (1.2 m) 

3.2 ft. or 38.4 in, 
(0.97 m)

Elkhorn
24.4 + ft. (7.4 + m) 

2.4 ft. or 28.8 in, 
(0.73 m)

Upper Banner 
64.1 + ft. (19.5 + m) 

2.5 ft. or 30.0 in. 
(0.76 m)

Clintwood (upper bench) 
33.2 + ft. (10.1 + m) 

7.12 ft. or 85.4 in. 
(2.17 m)

Jawbone
42.29 + ft. (12.9 + m) 

4.99 ft. or 59.9 in. 
(1.52 m)

Upper Banner (lower bench) 
48.0 + ft. (14.6 + m) 

2.9 ft. or 34.8 in. 
(0.88 m)

Upper Banner (upper bench) 
48.0 + ft. (14.6 + m) 

2.19 ft. or 26.3 in. 
(0.7 m)

Clintwood (lower bench) 
33.2 + ft. (10.1 + m) 

2.35 ft. or 28.2 in. 
(0.72 m)

Clintwood Marker 
33.2 + ft. (10.1 + m) 

1.28 ft. or 15.4 in. 
(0.39 m)

Lower Clintwood (upper bench) 
53.2 + ft. (16.2 + m) 

0.97 ft. or 11.6 in. 
(0.30 m)



Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Dickenson County (cont.)

R-7382 Southwest Virginia Wise
Surface Mine Pennsylvanian

R-7465

R-7491

R-7492

R-7493

R-7545

R-7546

R-7547

R-7548

R-7549

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Wise 
Pennsylvanian

Wise
Pennsylvanian

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Southwest Virginia Norton 
Surface Mine Pennsylvanian

Southwest Virginia Norton 
Underground Mine Pennsylvanian

Norton 
Pennsylvanian

Wise ^
Pennsylvanian

Norton
Pennsylvanian

Norton 
Pennsylvanian

Lower Clintwood (lower bench) 
53.2 + ft. (16.2 + m) 

1.0 ft. or 12 in. 
(0.30 m)

Clintwood Split 
45.8 + ft. (14.0 + m) 

1.48 ft. or 17.8 in. 
(0.45 m)

Clintwood Split 
95.0 + ft. (28.9 + m) 

2.65 ft. or 31.8 in. 
(0.81 m)

Clintwood Rider 
91.6 + ft. (27.9 + m) 

1.8 ft. or 21.6 in. 
(0.55 m)

Norton
48.0 + ft. (14.6 + m) 

2.05 ft. or 24.6 in. 
(0.62 m)

Upper Banner 
5.6 + ft. (1.7 -f m) 

3.25 ft. or 39 in. 
(1.00 m)

Norton
47.2 + ft. (14.4 + m) 

3.15 ft. or 37.8 in. 
(0.96 m)

Clintwood
29.2 + ft. (8.9 + m) 

1.1 ft. or 13.2 in. 
(0.33 m)

Lower Banner 
4.8 + ft. (1.5 + m) 

3.3 ft. or 39.6 in. 
(1.01 m)

Upper Banner (lower bench) 
9.2 + ft. (2.8 + m) 

2.45 ft. or 29.4 in. 
(0.75 m)
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Table la. Sample and location information for samples
collected in 1973, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Dickenson County (cont.)

R-7550

R-7551

R-7552

R-7553

R-7554

R-7555

R-7556

R-7557

R-7593

R-7594

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Grab from 
Underground Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Norton 
Pennsylvanian

Norton
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Wise 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Lower Banner (upper bench) 
4.8 + ft. (1.5 + m) 

2.85 ft. or 34.2 in. 
(0.87 m)

Lower Banner (lower bench) 
4.8 + ft. (1.5 + m) 

0.85 ft. or 10.2 in. 
(0.26 m)

Splashdam
4.6 + ft. (1.4 + m) 

3.95 ft. or 47.4 in. 
(1.20 m)

Splashdam
2.7 + ft. (0.8 + m) 

2.4 ft. or 28.8 in. 
(0.73 m)

Splashdam
3.4 + ft. (1.0 + m) 

3.15 ft. or 37.8 in. 
(0.96 m)

Lower Banner
3.5 ft. (1.1 m) 

2.88 ft. or 34.6 in. 
(0.88 m)

Lower Banner 
Not Applicable 

Not Applicable

Eagle
32.3 + ft. (9.8 + m) 

2.1 ft. or 25.2 in. 
(0.64 m)

Lower Banner 
5.3 + ft. (1.6 + m) 

4.7 ft. or 56.4 in. 
(1.43 m)

Splashdam
4.2 + ft. (1.3 + m) 

3.98 ft. or 47.8 in. 
(1.21 m)

14



Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Dickenson County (cont.) 

R-7595

R-7596

R-7597

R-7860

R-7861

R-7862

R-7863

R-7864

R-7865

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Norton
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Wise 
Pennsylvanian

Norton
Pennsylvanian

Norton 
Pennsylvanian

Norton
Pennsylvanian

Norton 
Pennsylvanian

Southwest Virginia Norton 
Underground Mine Pennsylvanian

Lower Banner 
6.6 + ft. (2.0 + m) 

3.2 ft. or 38.4 in. 
(0.98 m)

Upper Banner 
3.4 + ft. (1.0 + m) 

2.45 ft. or 29.4 in. 
(0.75 m)

Lower Banner 
5.9 + ft. (1.8 + m) 

3.6 ft. or 43.2 in. 
(1.1 m)

Blair
102.3 + ft. (31.2 + m) 

3.9 ft. or 46.8 in. 
(1.19 m)

Tiller
6.5 + ft. (2.0 + m) 

1.3 ft. or 15.6 in. 
(0.4 m)

Kennedy
3.8 + ft. (1.2 + m) 

3.45 ft. or 41.4 in. 
(1.05 m)

Raven
5.2 + ft. (1.6 + m) 

5.05 ft. or 60.6 in. 
(1.54 m)

Jawbone
7.2 + ft. (2.2 + m) 

2.75 ft. or 33 in. 
(0.84 m)

Kennedy
5.1 + ft. (1.6 + m) 

2.0 ft. or 24 in. 
(0.61 m)
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Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

  Sample Thickness

Dickenson County (cont.)

R-7866 Southwest Virginia Wise
Surface Mine Pennsylvanian

R-8167

R-8168

R-8169

R-8170

R-8206

R-8242

R-7325

R-7341

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Wise 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Wise 
Pennsylvanian

Southwest Virginia Wise 
Surface Mine Pennsylvanian

Wise County

R-7324 Southwest Virginia Wise
Surface Mine Pennsylvanian

Norton 
Pennsylvanian

Wise 
Pennsylvanian
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Dorchester 
26.1 ft. (8.0 + m) 

5.5 ft. or 66 in. 
(1.68 m)

Eagle
43.8 + ft. (13.3 + m) 

3.1 ft. or 37.2 in. 
(0.94 m)

Blair
55.2 + ft. (16.8 + m) 

0.85 ft. or 10.2 in. 
(0.26 m)

Splashdam
6.7 + ft. (2.0 + m) 

4.4 ft. or 52.8 in. 
(1.34 m)

Splashdam
4.8 + ft. (1.5 + m) 

4.3 ft. or 51.6 in. 
(1.31 m)

Clintwood (middle split) 
40.0 + ft. (12.2 + m) 

3.45 ft. or 41.4 in. 
(1.05 m)

Clintwood (middle split) 
91.6 + ft. (27.9 + m) 

6.9 ft. or 82.8 in. 
(2.10 m)

Lyons
53.1 + ft. (16.2 + m) 

2.7 ft. or 32.4 in. 
(0.82 m)

Norton
13.9 + ft. (4.2 + m) 

1.7 ft. or 20.4 in. 
(0.52 m)

Lyons
26.7 + ft. (8.1 + m) 

1.33 ft. or 16.0 in 
(0.40 m)



Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Wise County (cont.)

R-7342

R-7343

R-7344

R-7345

R-7346

R-7347

R-7349

R-7350

R-7354

R-7355

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Norton 
Pennsylvanian

Wise 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Norton 
Pennsylvanian

Lyons
26.4 + ft. (8.0 + m) 

1.16 ft. or 13.9 in 
(0.35 m)

Imboden
52.1 + ft. (15.9 + m) 

3.4 ft. or 40,8 in. 
(1.046 m)

Imboden (upper bench) 
62.8 + ft. (19.2 + m) 

2.55 ft. or 30.6 in 
(0.78 m)

Imboden (lower bench) 
62.8 + ft. (19.2 + m) 

3.0 ft. or 36 in. 
(0.91 m)

Jawbone
39.6 + ft. (12.0 + m) 

3.5 ft. or 42.0 in. 
(1.07 m)

Upper Standiford 
26.3 + ft. (8.0 + m) 

2.07 ft. or 24.8 in. 
(0.63 m)

Norton (upper bench) 
26.2 + ft. (8.0 + m) 

1.6 ft. or 19.2 in. 
(0.49 m)

Norton (lower bench) 
26.2 + ft. (8.0 + m) 

0.45 ft. or 5.4 in. 
(0.14 m)

Norton
61.0 + ft. (18.6 + m) 

1.95 ft. or 23.4 in, 
(0,59 m)

Norton
61.0 + ft. (18.6 + m) 

1.95 ft. or 23.4 in, 
(0.59 m)
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Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Wise County (cont.)

R-7366

R-7367

R-7406

R-7407

R-7408

R-7409

R-7410

R-7411

R-7412

R-7515

Southwest Virginia Wise
Underground Mine Pennsylvanian

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Wise
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Morris
4.9 + ft. (1.5 + m) 

4.53 ft. or 54.4 in. 
(1.38 m)

Morris
30.0 + ft. (9.2 + m) 

3.83 ft. or 46.0 in. 
(1.17 m)

Dorchester 
5.0 + ft. (1.5 + m) 

4.32 ft. or 51.8 in. 
(1.32 m)

Dorchester 
5.0 + ft. (1.5 + m) 

4.16 ft. or 49.9 in. 
(1.27 m)

Taggart
6.4 + ft. (2.0 + m) 

4.50 ft. or 55.1 in. 
(2.4 m)

Low Splint (lower bench) 
6.4 + ft. (2.0 + m) 

3.24 ft. or 38.9 in. 
(0.99 m)

Low Splint (upper bench) 
6.4 + ft. (2.0 + m) 

2.02 ft. or 24.2 in. 
(0.62 m)

Pardee
6.0 + ft. (1.8 + m) 

5.21 ft. or 62.5 in. 
(1.59 m)

Morris
6.8 + ft. (2.1 + m) 

6.1 ft. or 73.2 in. 
(1.86 m)

Imboden(lower bench, bottom split 
73.6 + ft. (22.4 + m) 

0.5 ft. or 6 in. 
(0.15 m)
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Table la. Sample and location information for samples
collected in 1978, 1979,, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Wise County (cont.)

R-7516 Southwest Virginia Wise
Surface Mine Pennsylvanian

R-7517

R-7518

R-7519

R-7520

R-8165

R-8166

R-8207

R-8208

R-8209

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise " 

Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Wise
Pennsylvanian

Imboden(lower bench, middle splil 
73.6 + ft. (22.4 + m) 

2.2 ft. or 26.4 in. 
(0.67 m)

Imboden(lower bench, upper split] 
73.6 + ft. (22.4 + m) 

1.85 ft. or 22.2 in. 
(0.56 m)

Imboden (upper bench) 
73.6 + ft. (22.4 + m) 

2.85 ft. or 34.2 in. 
(0.87 m)

Kelly
73.6 + ft. (22.4 + m) 

4.7 ft. or 56.4 in. 
(1.43 m)

Pinhook
73.6 * ft. (22.4 + m) 

1.65 ft. or 19.8 in. 
(0.50 m)

Pardee (upper bench) 
7.7 + ft. (2.4 + m) 

3.3 ft. or 39.6 in. 
(1.0 m)

Pardee (lower bench) 
7.7 + ft. (2.4 + m) 

3.8 ft. or 45.6 in. 
(1.16 m)

Upper Standiford 
24.4 + ft. (7.4 + m)

3.0 ft. or 36.0 in. 
(0.91 m)

Kelly 
3.3 + ft. (1.0 + m)

3.1 ft. or 37.2 in. 
(0.94 m)

Imboden
73.0 + ft. (22.2 + m) 

3.0 ft. or 36 in. 
(0.91 m)
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Table la. Sample and location information for samples
collected in 1978, 1979, and 1980. (continued)

Sample 
Number

Coal Field 
Type of Exposure

Formation 
Age

Coal Bed
Measured Interval Thickness 

Sample Thickness

Wise County (cont.)

R-8210 Southwest Virginia Wise
Surface Mine Pennsylvanian

R-8241

R-8243

R-8244

Southwest Virginia 
Underground Mine

Southwest Virginia 
Surface Mine

Southwest Virginia 
Surface Mine

Wise
Pennsylvanian

Wise 
Pennsylvanian

Wise 
Pennsylvanian

Clintwood split 
45.6 + ft. (13.9 + m) 

3.75 ft. or 45 in. 
(1.14 m)

Dorchester 
3.6 + ft. (1.1 + m) 

2.2 ft. or 26.4 in. 
(0.67 m)

Lyons
100.3 + ft. (30.6 + m) 
2.55 ft. or 30.6 in. 

(0.78 m)

Dorchester
100.3 + ft. (30.6 + m) 

2.85 ft. or 34.2 in. 
(0.87 m)
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Table 6a. Arithmetic mean, observed range, geometric mean, and geometric 
deviation, of proximate and ultimate analyses, heat of combustion, forms 
of sulfur, and ash-fusion temperature of 83 coal samples from Virginia.

[All values are in percent except Btu/lb, ash-fusion temperatures, 
and free-swelling index and are reported on the as-received basis. 
°F» 9/5°C + 32; Kcal/kg » 0.556 (Btu/lb).]

Observed range 
Arithmetic Geometric Geometric

Geometric mean 
134 samples

  n

Moisture
Volatile

' matter
Fixed

carbon
Ash
Hydrogen

. Carbon
Nitrogen
Oxygen
Sulfur

Calorific
value

Sulfate
Pyritic
Organic

Initial
deformation
Softening
temperature

Fluid
temperature

Lean Minimum Maximum mean devic

Proximate and ultimate analyses

2.81 1.30 8.90 2.66
 

31.37 19UO 44.50 31.01

54.48 28.50 64.20 54.14
11.34 3.00 50.30 9.55
5.10 3.00 6.30 5.08

73.44 39.20 81.80 73.09
1.45 .40 1.80 1.43
7.50 4»80 12.30 7.39
1.16 .50 4.50 0.99

Heat of combustion (Btu/lb)

13115. *6948. 14470. 13051.

Forms of sulfur

0.04 .01 0.42 0.02
0.50 .03 3.02 0.27
0.62 .25 1.62 0.59

Ash-fusion temperature * C

2418. 1900. 2910. 2405.

2470. 2050. 2910. 2461.

2551. 2140. 2910. 2544.

ition (from
Oman

. 1.39

1.17
%.

1.13
1.77
1.11
1.11
1.22
1.19
1.66

1.11'

2.90
2.93
1.37

1.11

1.09

1.08

Henderson
and Coleman
1981)

2.70

29.93

56.49
7.80
5.08

74.62
1.39
7.20
1.01

13305.

0.02
0.28
0.59

2335.

2417.28

2494.48

Free-Swelling 
index 7.5 1.5 9.0 7.3 1.3 7.5
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Table 6b. Arithmetic mean, observed range, geometric mean, and geometric 
deviation of ash content and contents of 11 major and minor oxides in the 
laboratory ash of 83 coal samples from Virginia.

[All samples were ashed at 515° C; .all data except geometric deviation 
are in percent.]

Oxide

(Ash)

Si02

A1203

CaO

MgO

Na20

K20

Pe203

MnO

Ti02

P205

S03

Arithmetic
mean

12.

49.

27.

1.7

1.0

.43

2.6

11.

.03

1.5

.58

2.0

Observed

Minimum

3.0

22.

14.

.32

.33

.08

.62

2.5

.004

.63

.02

.25

range

Maximum

54.

70.

36.

5.5

2.0

1.3

5.2

51.

.25

3.5

4.0

7.0

Geometric
mean

10.

48.

26.

1.3

.94

.36

2.3

8.5

.02

1.4

.26

1.6

Geometric
deviation

1.8

1.2

1.2

2.0 »

1.5

1.9

1.7

2.1

2.1

1.4

3.7

2.0

Geometric mean 
134 samples

(from Henderson, 
Oman and Coleman 

1981)

7.8

' 43.

23.

2.0

.90

.55

1.9

10.

.03

1.2

.14

2.7
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Table 6c. Arithmetic mean, observed range, geometric mean, and geometric 
deviation of concetrations of 51 trace elements in 83 coal samples. 
[All data are in parts-per-million and are reported on a whole-coal basis;

Element

Ag
As
B
Ba :
Be
Br
Cd
Ce
Cl
Co
Cr
Cs
Cu
By
Er
Eu
F
Ga
Gd
Ge
Hf
Hg
La
Li
Lu
Mn.
Mo
Nb
Nd
ffi
Pb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr
Ta
Tb
Th
Tl
U
V
W
Y
Yb
Zn
Zr

Arithmetic 
mean

.64
16.
17.

109.
1.9
2.1
.08

21.
362.

6.5 -
16.
1.4

18.
2.9
1.2
.37

' 101.
5.2
2.3
1.6
.86
.14

12.
24.

.15
26.
1.4
2.9
9.8

12.
7.4
5.7
6.3

28.
1.0
3.7
3.2
1.7
.75

144.
.05
.32

3.3
1.6
1.6

22.
.09

6.7
.94

12.
22.

Observed

Minimum

.01
1.0
2.4

28.
.39
.14
.02

5.0
50.

. -1.5-
4.6
.10

7.4
2.4
.50
.13

10.
.96
.66
.14
.20
.01

3.0
2.9
.05

2.0
.23
.32

2*7
4.7
1.3
.04

3.6
6.0
.20

1.4
.70
.50
.07

40.
.002
.04
.80
.51
.30

6.2
.009

1-3
.40

1.6
2.5

range

Maximum

.91
123.
82.

462.
5.4
8.0
.21

70.
1700.

18.
57.
7.0

40.
3.4
2.2
1.3

560.
21.
7.6

13.
3.1
.50

40.
177.

.40
443.

4.4
9.2

22.
38.
22.
11.
9.9

115.
5.9

13.
7.5
5.5
3.4

381.
.55

1.0
10.
2.8
4.4

87.
.68

17.
3.1

92.
80.

Geometric 
mean

.03
7.3

15.
92.
1.6

. 1.1
.07

19.
264.

5.5
14.

.90
17.
2.9
1.1
.34

71.
4.5
2.0
.88
.73
.10

10.
17.

.13
13.
1.2
2.2
8.6

11.
6.1
.65

6.0
23.

.81
3.3
2.9
1.6
.52

129.
.02
.27

2.8
1.4
1.3

18.
.06

5.9
.86

8.5
17.

Geometric mean 
Geometric 134 samples 
deviation (from Henderson, 

Oman and Coleman 1981)

1.8
3.5
1.7
1.8
1.7
3.5
1.6
1.6
2.2
1.8
1.7
2.6
1.4
1.2
1.6
1.5
2.4
1.7
1.8
2.9
1.8
2.4
1.7
2.2
1.5
2.8
1.9
2.1
1.7
1.6
1.9

18.
1.4
1.8
1.9
1.6
1.7
1.5
2.4
1.6
3.1
1.8
1.8
1.8
1.9
1.8
2.5
1.7
1.5
2.2
2.0

.03
8.1

11.
. 71.

1.8
  
.06

14.
300.

6.0
' 11.

.61
16.
1.5
.85
.27

83.
3.5
1.1
1.2
.58
.07

7.5
11.

.13
14.
1.4
1.3
7.0

, 9.2
4.2
  
  

22.
.74

2.7
2.6
1.4
.76

82.
.02
.24

1.9
1.0
1.3

13.
.04

5.7
.72

8.8
11.
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Table 7a.~Arithmetic mean, observed range, geometric mean, and geometric deviation, of 
proximate and ultimate analyses, heat'of combustion, forms of sulfur, and ash-fusion 
temperature of 217 coal samples from Virginia.

[All .values are in percent except Btu/lb, ash-fusion temperatures, and free-swelling index 
and are reported on the as-received basis.

F = 9/5 C + 32; Kcal/kg = 0:556 (Btu/lb.)]

Arithmetic 
mean

Moisture
Volatile matter
Fixed carbon
Ash
Hydrogen 
Carbon
Nitrogen 
Oxygen 
Sulfur

2.9
30.7
55.9
10.5
5.1 

74.4
  1.4 

7.4 
1.2

Observed range

Minimum

Proximate

.8
15.3
28.5
1.9
2.3 

39.2
.4 

2.9 
.4

Heat

Maximum

and ultimate

11.0
44,5
76.0
50.8
6.3 

83.8
1.8 

16.6 
5.2

of combustion

Geometric 
mean

analyses

2.7
30.3
55.6
8.3
5.1 

74.0
1.4 
7.3 
1.0

(Btu/lb)

Geometric 
deviation

K5
1.2
1.1
1.9
1.1 
1.1
1.2 
1.2 
1.7

i

Geometric mean 
548 samples 
(Zubovic and 
others, 1980)

2.5
28.1
54.7
9.7
4.9 

71.8
1.3 
7.1 
1.4

Calorific value 13278. 6948. 15038. 13207.

Free-Swell ing
4 dex

1.1 12730,

Forms Of sulfur

Sulfate
Pyritic
Organic

0.04
0.54
0.63

.01, 0.42

.02 4.20

.03 2.05

0.02
0.28
0.59

2.6
3.2
1.5

0.04
0.62
0.76

Ash-fusion temperature o C

Initial
deformation

Softening
temperature

Fluid
temperature

2375.

2443.

2520.

1900. , 2910.

2015. 2910.

2125. 2910.

2361.

2432.

2511.

1.1

1.1

1.1

1260.

1300.

1360.

7.7 1.0 9.0 7.4 1.4 5.6
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Table 7b . Arithmetic mean, observed range, geometric mean, and geometric deviation of ash 
content and contents of 11 major and minor oxides in the laboratory ash 217 coal samples 
from Virginia.

[All. samples were ashed at 515 C; all data except geometric deviation are in precent; L 
means less than the value shown.]

Oxide

(A-h)

Si 02

A1203

CaO

MgO

Na20

K20

Fe203

MnO

Ti02

P205

S03

Arithmetic
mean

11.

46.

25.

2.6

* f i.o
.59

2.3

~ 13.

.03

1.4

.37

3.1

Observed

Minimum

1.9

13.

8.0

.21

.23

.08

.38

2.3

.004

.30

.02

.25

range

Maximum

54.

71.

36.

20.

3.0

3.1

5.4

57.

,.25

3.5

4.0

16.

Geometric
mean

8.6

45.

24.

1.7

.92

.47

2.0

9.6

.02

1.3

.16

2.2

( 
( 

Geometric 1
deviation c

1.9

1.3

1.3

2.3

1.6

2 r O

1.8

2.2

. 2.2

1.5

3.3

2.3

Seometric Mean 
544 samples 
[Zubovic and
)thers, 1980)

9.76

43.

24.

1.4

.68

.34

1.6

11.

.02

1.1

.13

1.7



Table 7c.--Arithmetic mean, observed range, geometric mean, and geometric deviation of 
concentrations of 38 trace elements in 217 coal samples.

[All data are in parts-per-million and are reported on a whole-coal basis; L means less 
than value shown.]

Arithmetic 
Element mean

Ag
As
B
Ba
Be
Cd
Ce
Co
Cr
Cs
Cu
Eu
F
Ga
Ge
Hf
Hg
La
Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Sb
Sc
Se
Sm
Sr
Tb
U
V
Y
Yb
Zn
Zr

.04
18.
15.
96.
2.0
.10

- 19.
6.8

14.
i 1.1

18
.34

129. -
4.7
1.8
,.80
.12

10.
20.

.15
24.
1.6
2.3
9.4

11.
6.5
1.0
3.4
3.0
1.7

119.
.30

1.6
19.
6.8
.87'13.

19.

Observe

Minimum

.006
1.0
1.7

15.
.38
.004

2.0 .
1.2
2.8
.02

5.9
.08

10.
.62
.12
.10
.01

1.0
.89
.05
.75
.23
.17

1.0
2.5
.09
.15
.80

. .70
.30

21.
.04
.20

2.8
1.3
.20

1.5
1.4

d range

Maximum

.91
166.
82.

462.
11.
4.1

88.
21.
67.
7.0

70.
1.3

2100.
21.
13.
5.0
.80

47.
181.

.60
443.
12.
12.
44.
39.
61.
19.
14. ',

, 7.6
6.9

580.
1.1
5.6

87.
31.
3.6

94.
132.

Geometric 
mean

.03
7.8'13.

78.
1.7
.06

16.
5.8

12.
.71

16.
v .30

78.
3.9
1.1
.63
.08

8.4
13.

.13
14.
1.3
1.6
7.7
9.9
4.9
.76

2.9
2.7
1.4

97.
.26

1.3
15.
5.8
.77

9.7
13.

Geometric 
deviation

1.8
3.6
1.8
1.9
1.8
2.1
1.9 -
1.8
1.9
2.7
1.5
1.7
2.4
1.8
2.8
2.0
2.6
1.9
2.6
1.5
2.7
1.9
2.4
1.9
1.7
2.2
2.0
1.7
1.7
1.7
1.9
1.7
1.9
2.0 .
1.7
1.6
2.4
2.4

Geometric Mean 
644 samples 
(Zubovic and 
others, 1980)

.03
8.4

14.
48.
1.9
.07

16.
6.2

14.
.66

15.
.33

51.
4.8
1.1
.61".12

8.8
15.

.15
14.
1.5
1.4
4.2

12.
7.0
.73

3.3
2.8
1.6

65.
.26

1.3
16.
6.2
.84

14.
13.

..95
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(One quart (about 600 g) of coal split I 
lout for U.S. Dept. of Energy analysis I

I
I Ultimate and proximate analyses I 
((procedures described in U.S. I 
(Bureau of Mines Bull. 638, I 
11967. p. 3-12)______________I

I Ultimate
t analysis
land sulfur
I forms
I
(Percent ash
I
1C
|H
10 :
IN
IS (total)
IS (sulfate)
IS (pyritic)
IS (organic)

I Proximate analysis

Percent moisture 
volatile matter, 
fixed carbon, and 
ash

I Raw coal as received (about |_ 
I15 pounds, or 7 kg, broken'to 0.3 cm) I

________i__________ 
|Air dried in oven at 32°

(Sample crushed and then ground ! 
lin vertical Braun pulverizer I 
(using ccramit plates set to I 
I pass 80 mesh_______________|

_(about 3 kg of crushed!
(coal split out for I

I (petrologic analysis I

__i___________ 
(About 2 kg crushed) 
(coal split out for! 
(storage_________I

i

(Ground ooal (25 to 75 g) ashed at| 
|525*C and percent ash calculated I (Raw ground coal!

Coal

Heat value 
Bcu per pound 
(Kcal per kg)I"

t Free 
I swelling 
I index 
I ash fusion 
I temperature

ash I Wet 
(Hg

IF

chemical analysis
(flameless atomic 
absorption) 
(specific ion 
electrode)

(X-ray (I Neutron I 
Ifluor- |(activation! 
leseencel(analysis I"

Cl 
P

Wee chemical! 
analysis 
(atomic 

absorption)

Cd 
Cu 
U 
Mg 
Mn 
Pb 
Zn

Optical emission spectrographio 
analysis. Automated plate 
reader (63 elements looked for). 
The following 35 reported when 
found.

Ag 
Au
B
Ba
Be
Bi
Dy
Er
Ca
Ho
In
Mo

Nb 
Nd
Ni
Os
Pd
Pr
Pt 
Re
Rh
Ru
Sn
Sr

Ta 
Te
Tl
Tm
V
W
Y 
Zr

(X-ray fluores6ence| 
I_____analysis 
(A1 203

(CaO
I
(Fe203

|K2 0

S03 

Si02 

Ti02 

P205

IIAT 
(ICe 
I (Co 
(Cr 
(Cs 
lEu 
(Hf 
(La 
iLu 
(Na

Rb
Sb
Sft
Se
Sm
Tb
Th
U
Yb

Figure 6. Flow chart of analyses performed on coal samples.
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